An eco-friendly synthesis of cyclododecanone (CDON) from cyclododecatriene (CDT) is described. Selective epoxidation of CDT with hydrogen peroxide using hexadecyl trimethyl ammonium heteropolyphosphatotungstate [(n-C 16 H 33 NMe 3 ) 3 PW 4 O 16 , HAHPT] as catalyst and water as solvent followed by the hydrogenation on Raney nickel catalyst gave cyclododecanol (CDOL). The latter was oxidized with hydrogen peroxide using HAHPT as catalyst and a mixture of water and t-butanol as solvent to afford CDON. The total yield was 53.4% under the optimum reaction conditions.
Introduction
Cyclododecanone (CDON) is an important precursor for laurolactam which is required for the production of Nylon-12 possessing distinct advantages as compared to Nylon-6 and Nylon-6,6 [1] . It is also useful for the synthesis of perfumes, such as muscone [2] and 1,15-pentade-canolide [3] , pesticides [4] and pigments [5] . The synthesis of cyclododecanone and other cycloketones was first reported by Ruzicka and his co-workers from the rare-earth salts of dicarboxylic acids in 1926 [6] . However the yield reached only a few percent. Prelog and his co-workers prepared cyclododecanone in higher yield from dicarboxylic acid ester by acyloin synthesis in 1947 [7] . But anyhow, the preparation of CDON in large scale has not come true until the cyclododecatriene (CDT) can easily be produced from petrochemical product butadiene [8] . Synthetic methods of CDON from CDT are out-lined in Scheme 1 [9] .
In this paper, we report an eco-friendly synthesis of cyclododecanone from 1,5,9-cis,trans,trans-CDT in three steps. Selective epoxidation of CDT gave epoxy-cyclododecadiene (ECDD), whose hydrogenation gave cyclododecanol (CDOL), which can be readily oxidized to obtain CDON. (Scheme 2).
Experimental

General
1 H NMR and 13 C NMR spectra were recorded in CDCl 3 with a Brucker DPX 300 spectrometer using TMS as internal standard and 31 P NMR spectra recorded in a Varian IVOVA 300 MHz NMR spectrometer in solid state and chemical shifts are given in ppm relative to 85% H 3 PO 4 . Cis,trans,trans-1,5,9-cyclododecatriene (CDT) (purity 99%) was obtained from Alfa Aesar; sodium tungstate (Na 2 WO 4 ·H 2 O) was purchased from Chemical Reagents Co., Ltd., Guoyao Group, Beijing, China; 30% H 2 O 2 was purchased from Beihua Fine Chemicals Co., Ltd., Beijing ,China; aluminum nickel alloy was purchased from Beijing Pharmaceutical Co., Beijing, China; diethyl phthalate (97%) was purchased from Tianhe Chemical Reagents Factory, Tianjin, China. All of reagents and solvents were used as received or were dried prior to use as needed.
Analytic Method [10]
The chromatographical analysis was carried out on a GC 9000 apparatus with a flame-ionization detector (FID), equipped with a computer system sample collection and 
where Ai is peak area of determined component and ∑Ai the sum of peak area of all components.
2) The internal standard method using diethyl phthalate. A percentage content of determined component was calculated from equation:
where Fi is the correction coefficient of determined component, Ai the peak area of determined component, As the peak area of diethyl phthalate added to a sample, Ms the mass of diethyl phthalate added to a sample, and Mi the mass of analyzed sample.
Preparation of Catalyst (HAHPT) [11,12]
To a solution of Na 2 
General Procedure for Epoxidation of CDT
A mixture of weighed amount of HAHPT, CDT and 30% H 2 O 2 was stirred at desired temperature for desired time.
After completing reaction, the mixture was cooled to room temperature and the concentration of CDT, ECDD and other components was determined chromatographically by the normalization method. For each experiment on the effects of hydrogen peroxide amount, temperature, catalyst amount and reaction time the following magnitudes were calculated: the degree of conversion of CTD, the selectivity of transformation to ECDD in relation to consumed CTD. For experiment of epoxidation of CDT at the optimum reaction conditions the ECDD yield in relation to CTD introduced into reactor was given.
General Procedure for Hydrogenation of ECDD
Hydrogenation of ECDD was conducted by the method reported in [13] but using ethanol as the solvent instead of cyclohexane. A stainless steel autoclave having an inner volume of 200 mL and equipped with a stirrer (Weihai Chemical Appliance Co. Ltd., Sandong Province, China) was charged with nickel catalyst (3.0 mL, ~1.5 g) made by aluminum nickel alloy, ECDD (10 g) and ethanol (100 mL), and pressurized with hydrogen gas to 3.0 ~ 3.5 MPa at room temperature. The mixture was stirred at 100℃ for 8 h. After completing reaction, the mixture was cooled to room temperature. The crude product was weighed; content of CDOL was analyzed chromatographically by the normalization method and the CDOL yield in relation to ECDD was calculated.
General Procedure for Oxidation of CDOL
A mixture of weighed amount of HAHPT, CDOL, tbutanol and 30% H 2 O 2 was refluxed for desired time.
After completing reaction, the mixture was cooled to room temperature and the concentration of CDOL, CDON and other components was determined by the internal standard method (Fi = 0.67). For each experiment on the effects of catalyst amount and hydrogen peroxide amount the following magnitudes were calculated: the degree of conversion of CDOL, the selectivity of transformation to CDON in relation to consumed CDOL. For experiment of oxidation of CDOL at the optimum reaction conditions the CDON yield in relation to CDOL introduced into reactor was given. 
Results and Discussion
Preparation of HAHPT
Epoxidation of CDT
Among the oxidants, hydrogen peroxide is probably the best terminal oxidant after molecular oxygen with respect to environmental and economic considerations and also is one of the ideal oxidant in epoxidation of olefins, which might offer some advantages because 1) it generates only water as a by-product and 2) it has a high content of active oxygen species [14] .
In this paper we used HAHPT [15] as catalyst for the epoxidation of CDT, which can be used for homogeneous catalytic epoxidation of olefins using aqueous hydrogen peroxide as oxidant. It could form soluble active species under the effect of hydrogen peroxide to lead to homogeneous catalytic epoxidation of olefins. When hydrogen peroxide was used up, the catalyst returned to its original structure and precipitated from the reaction system. Therefore this catalyst system possesses the advantages of both homogeneous and heterogeneous catalysts.
The products obtained from epoxidation of CDT contain ECDD, diepoxide and unreacted CDT. ECDD and diepoxid were separated and characterized by First of all, the effect of hydrogen peroxide amount was studied ( Table 1) . The reaction was performed at the temperature of 35˚C, at the molar ratio of H 2 O 2 :catalyst = 200:1 and the reaction time 2 h. It can be seen from Table 1 that with an increase of the molar ratio of CDT/H 2 O 2 from 3:1 to 2:1 caused an increase in CDT conversion from 27.5% to 42.0%, but the ECDD selectivity was reduced from 96.7% to 92.2 %. Thus the molar ratio of CDT/H 2 O 2 = 3:1 for the epoxidation of CDT is suitable. The unreacted CDT can be easily recovered.
Secondly the effect of temperature on the epoxidation of CDT was evaluated at the molar ratio of H 2 O 2 /CDT/cat. = 600/200/1 ( Table 2 ). The results showed that temperature doesn't have a significant effect on CDT conversion and ECDD selectivity in the range of 45˚C -65˚C at the reaction time 0.5 h. So the temperature of 55˚C was selected for further study.
Then the effect of catalyst amount on the epoxidation of CDT was investigated at the temperature of 55˚C, at the molar ratio of CDT/H 2 O 2 = 3:1 and the reaction time 1 h. The results showed that the CDT conversion and ECDD selectivity almost remain unchanged at the molar ratio of cat/ H 2 O 2 ≥ 1/1000 ( Table 3) .
The effect of reaction time on the epoxidation of CDT was not studied for the CDT conversion and ECDD selectivity are almost unchangeable when reaction time was prolonged from 1 h to 2 h.
Under the optimum reaction conditions the epoxidation of CDT was performed repeatedly for five times ( Table 4 ). The average yield of ECDD was 61.8%
In addition, the recycle of catalyst was investigated in the epoxidation of CDT ( Table 5 ). The results showed that the recycled catalyst had high activity in all runs, namely CDT conversion kept the same level, and ECDD selectivity was still high after three recycles. 0.62 mL (6 mmol) and HTAPT 0.0112 g was stirred at 55˚C for 1 h. After the catalyst was precipitated from the reaction medium, the mixture was stirred for another 2 h at room temperature to make the procedure completed. The precipitate (recovered catalyst) was filtered and used for next recycle.
Hydrogenation of ECDD
Several patents [13, 16] described the preparation of CD-OL from ECDD by the hydrogenation in the presence of a nickel or palladium catalyst, which is a kind of clean synthesis of alcohols from epoxy compounds. In this paper we selected Raney nickel as catalyst and harmless ethanol as solvent for the hydrogenation of ECDD. The same product was given from the hydrogenation of ECDD, a mixture of 1,2-epoxy-5-cis-9-transcyclododecadiene and 1,2-epoxy-5-trans-9-trans-cyclo-dodecadiene (see Scheme 2). The result (Table 6) showed that the average yield of hydrogenation of ECDD was 92.3% and the highest yield is 94.9% which is comparable with the yield reported in ref. [13] . In addition, this procedure is greener due to the use of harmless ethanol as solvent instead of cyclohexane employed in ref. [13] .
Crude product was purified and characterized by 
Oxidation of CDOL
Various oxidizing agents have been used for the oxidation of CDOL to CDON [17] [18] [19] [20] [21] [22] [23] [24] . Hydrogen peroxide is probably the best oxidant after molecular oxygen for the oxidation of alcohols. However, oxidation of alcohols by hydrogen peroxide needs a long reaction time and the use of catalyst. Recently Zhang and co-workers [11] reported that not only olefins could be oxidized to epoxides but also secondary alcohols could be oxidized to ketones with aqueous hydrogen peroxide as oxidant in the presence of HAHPT under solvent-free conditions except water. In this paper we selected HAHPT as catalyst for the oxidation of CDOL to CDON using aqueous hydrogen peroxide as oxidant owing to its advantages mentioned above.
We carried out the oxidation of CDOL under the conditions reported in ref [11] just in a routine reactor instead of in the sealed pressure glass tube. Unfortunately a great quantity of foam took place during the reaction and the oxidation of CDOL can't proceed. The problem was overcome by using t-butanol as defoamer, namely a mixture of t-butanol and water as solvent. Optimum molar ratio of CDOL/t-butanol is 1:0.75. Following the solution of foaming, the effect of catalyst and hydrogen peroxide amount on the oxidation of CDOL was investigated. The results showed that with decreasing the molar ratio of cat/CDOL from 1/200 to 1/1000, the CDON selectivity was increased from 92.8% to 96.5% and CDOL conversion almost kept the same level. However, 
Conclusions
An eco-friendly three-step procedure for the synthesis of CDON from CDT was developed: HAHPT possessing both homogeneous and heterogeneous properties was selected as catalyst, hydrogen peroxide as oxidant and water as solvent for the selective epoxidation of CDT. HAHPT can be recovered and reused. 2. Compared to previous reported methods, present procedure for the hydrogenation of ECDD is greener due to the use of harmless ethanol as solvent instead of cyclohexane. 3. Compared to previous reported oxidation of secondary alcohol employing hydrogen peroxide as oxidant in a sealed pressure glass tube, present oxidation of CDOL employing hydrogen peroxide as oxidant can be come true in a routine reactor due to the use of t-butanol as defoamer.
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